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ABSTRACT
The aim o f  t h i s  re sea rch  was to  a f f e c t  s e p a ra t io n s  in  th e  
p la tin u m  m eta ls  group u t i l i z i n g  e x t r a c t io n  methods. Osmium and 
ruthenium were excluded s in c e  th e y  a re  e a s i l y  s e p a ra te d  from p l a t i ­
num, p a l lad iu m , rhodium and i r id iu m  as th e  v o l a t i l e  t e t r o x i d e s .
The d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  p la tinum , pa llad iu m , rh o ­
dium and i r id iu m  were measured i n  a h y d ro c h lo r ic  acid-sodiura c h lo r id e -  
t r i b u t y l  phosphate  system  and a po tass ium  t h i o c y a n a t e - t r i b u t y l  phosphate  
system . The v a r i a t io n s  o f  d i s t r i b u t i o n  c o e f f i c i e n t s  w ith  m o la r i ty  
o f  h y d ro c h lo r ic  ac id  were s tu d ie d  i n  t h e  c h lo r id e  system . The v a r i a ­
t io n s  o f  d i s t r i b u t i o n  c o e f f i c i e n t s  w ith  t h e  mole r a t i o  o f  potassium  
th io c y a n a te  to  metal and t h e  pH were in v e s t ig a te d  i n  th e  e x t r a c t io n  
o f  th e  m etal th io c y a n a te  complexes.
A comparison o f s e p a ra t io n s  t h a t  might be a f f e c t e d  i n  th e  
c h lo r id e  system  w ith  th o se  t h a t  might be a f f e c te d  i n  t h e  th io c y a n a te  
system was made. On th e  b a s is  o f  t h i s  comparison, th e  c h lo r id e  system  
was u t i l i z e d  i n  th e  s e p a r a t io n a l  p ro c e d u re s .
U t i l i z i n g  th e  c h lo r id e  system and th e  p r in c ip l e s  o f  c o u n te r -  
c u r r e n t  d i s t r i b u t i o n ,  the  s e p a ra t io n s  o f  i r id iu m  from rhodium, p l a t i ­
num from rhodium and p la tin u m  from pa llad iu m  were a f f e c t e d .  The method 
o f  Bush and Densen was used f o r  th e  s e p a ra t io n  o f  i r id iu m  from rhodium 
in  6 M h y d ro c h lo r ic  a c id  s a tu r a t e d  w ith  sodium c h lo r id e .  The e x t r a c ­
t a n t  used was t r i b u t y l  phospha te . The c o n d i t io n s  f o r  th e  s e p a r a t io n
o f  p la tinum  from rhodium and platinum  from pa llad ium  u t i l i z e d  e x t r a c ­
t i o n s  from 3 'M h y d ro c h lo r ic  ac id  s a tu r a te d  with sodium c h lo r id e  and 
t r i b u t y l  phosphate,, The e x t r a c ta n t  used was t r i b u t y l  phosphate .
The t h r e e  s e p a ra t io n s  a f f e c te d  were q u a n t i t a t i v e ,  s im p le ,  
f a s t  and economical,,
v i i i
INTRODUCTION
E x tr a c t io n  techn iques  have been u t i l i z e d  i n  t h e  f i e l d  o f  chem­
i s t r y  f o r  marry y e a r s .  U n t i l  r e c e n t  y ea rs  most o f  the  work done has 
been i n  th e  f i e l d  o f  o rgan ic  c h em is try .  However^ the  advent o f  atomic 
energy s t im u la te d  th e  u se  o f  t h i s  techn ique  f o r  s e p a r a t in g  elem ents 
c lo s e ly  r e l a t e d  i n  t h e i r  chem ical p r o p e r t i e s .
E x t r a c t io n  as t r e a t e d  i n  t h i s  d i s s e r t a t i o n  d e a ls  with th e  
t r a n s f e r  o f  d is s o lv e d  m a te r ia l  r e v e r s ib ly  o r  o therw ise  from one l i q u i d  
phase to  a n o th e r  l i q u i d  phase . The l i q u i d  phase i n  which th e  m a te r ia l  
i s  d is so lv e d  w i l l  be c a l le d  th e  " r a f f i n a t e " .  The " e x t r a c t a n t "  r e f e r s  
to  th e  a r b i t r a r i l y  chosen l i q u i d  phase to  which th e  m a te r ia l  i s  to  
be t r a n s f e r r e d .
E x t r a c t io n  tech n iq u es  can be c l a s s i f i e d  acco rd in g  to  th e  p u r ­
pose f o r  which th ey  a r e  used . These c l a s s i f i c a t i o n s  a r e  e x t r a c t i o n  
f o r  removal and e x t r a c t io n  f o r  f r a c t i o n a t i o n .  F req u en tly  a l l  t h a t  
i s  d e s i r e d  i n  an e x t r a c t i o n  i s  th e  q u a n t i t a t i v e  removal o f  th e  s o lu t e  
from a phase u n s a t i s f a c t o r y  f o r  i t s  f u r t h e r  s tu d y .  This tech n iq u e  
i s  known as e x t r a c t i o n  f o r  removal. This o p e ra t io n  may r e s u l t  a lso  
i n  a g r e a t e r  o r  l e s s e r  degree o f  s e p a ra t io n  o f  the d e s i r e d  s o lu t e  
from o th e r  u n d es ired  s o lu t e s .  I f  e s s e n t i a l l y  none o f  th e  u n d e s ire d  
s o lu te s  a re  e x t r a c te d  th e  p ro cess  i s  g r e a t l y  s im p l i f i e d  and a l l  t h a t  
need be co n s id e red  i s  th e  com pleteness o f  e x t r a c t i o n .
E x t r a c t io n  f o r  f r a c t i o n a t i o n  i s  u sed  when i t  i s  d e s i r e d  to  
s e p a ra te  two o r  more components3 a l l  o f  which d i s t r i b u t e s b u t  in  amounts
1
2
such t h a t  th e y  e x h ib i t  d i f f e r e n t  d i s t r i b u t i o n  c o e f f i c i e n t s . The 
p r im aiy  impetus fo r  th e  u t i l i z a t i o n  o f  t h i s  techn ique  f o r  s e p a ra t in g  
c lo s e ly  r e l a t e d  s o lu te s  be longs to  J a n tz en  (19) and C orn ish ,  A rch ib a ld ,  
Murphy and Evans (9). This wo lie has been extended, p a r t i c u l a r l y  by 
C ra ig  whose many reviews (10 - 15) have been  q u ite  u s e f u l .  Also o f  
g r e a t  use  has been th e  s e c t i o n  b y  Craig  and Craig (27) on e x t r a c t io n  
and d i s t r i b u t i o n  in  W e is sb e rg e r 's  Technique o f  Organic Chem istry .
The th e o ry  p e r t a in in g  to  th e  e x t r a c t i o n  of in o rg a n ic  s o lu te s  
p o s tu la t e s  the  form ation  o f  an uncharged complex which i s  the  s p e c ie s  
e x t r a c te d .  This uncharged complex may form i n  two ways$ c o o rd in a t io n  
o r  io n  a s s o c ia t io n .  As an example o f th e  uncharged complex formed 
by  c o o rd in a t io n ,  th e  fo rm ation  o f  m eta l c h e la te s  i s  p ro b ab ly  th e  
b e s t .  When m etal c h e la te s  a re  t o  be e x t r a c t e d ,  th e  tec h n iq u e  most 
w ide ly  used  i s  t h a t  o f  e x t r a c t io n  f o r  removal. In most cases t h i s  
i s  q u i t e  s a t i s f a c t o r y  s in c e  a g r e a t  d ea l  o f  s p e c i f i c i t y  may be ob­
ta in e d  by a d ju s t in g  exper im en ta l  c o n d i t io n s .  As opposed to  t h i s ,  
th e  e x t r a c t i o n  o f  an uncharged complex formed by io n  a s s o c i a t i o n  
r a r e ly  shows any degree o f  s p e c i f i c i t y ,  p a r t i c u l a r l y  when th e  s p e c ie s  
t o  be e x t r a c te d  are  c l o s e ly  r e l a t e d  i n  chem ical p r o p e r t i e s .  As a 
r e s u l t  o f  t h i s  r e l a t i v e l y  n o n - s p e c i f ic  phenomenon, most e x t r a c t i o n  
s e p a ra t io n s  in v o lv in g  io n  a s s o c i a t i o n  b e h a v io r  a re  c a r r i e d  out by 
e x t r a c t io n  f o r  f r a c t i o n a t i o n .
S o lv en t e x t r a c t i o n  as a method f o r  a f f e c t in g  s e p a ra t io n s  i n  
th e  p la tinum  group m e ta ls  has not been w id e ly  used as can be seen  
i n  th e  review by McBryde (22). I rv in g  (18) i n  h is  rev iew  of e x t r a c ­
t i o n  and i t s  a p p l i c a t io n  to  in o rg a n ic  a n a ly s is  has n o ted  t h a t  o f  th e
s ix  p la tinum  group m etals  only  %% i r id iu m  and t r a c e s  o f  p latinum  
are  e x t r a c te d  by e th e r  from 6 N h y d ro ch lo r ic  a c id .  D iscussing  the  
ro le  o f  e x t r a c t io n  in  a n a ly t i c a l  c h em is try ,  Morrison (25) notes  a lso  
t h a t  osmium i s  com pletely  e x t r a c te d  from bromide s o lu t io n s .  T h r th e r ,  
M orrison 's  s e c t io n  on e x t r a c t io n  o f  co o rd in a t io n  ty p es  l i s t s  p latinum  
and pa llad ium  e x t r a c t in g  as the  d i th o z o n a te s .  Palladium  can be 
e x t r a c te d  as th e  o x in a te .
In re c e n t  a r t i c l e s  in v o lv in g  e x t r a c t io n  o f  io n  a s s o c ia t io n  
systems t r i b u t y l  phosphate has been re p o r te d  to  be a h ig h ly  s u c c e ss ­
fu l  e x t r a c ta n t .  In th e se  a r t i c l e s  Aven and P r e i s e r  ( l )  and Melnick, 
F r e i s e r  and Bfeeghly (2b) rep o rted  th e  e x t r a c t io n  o f  the  i ro n  t h i o ­
cyanate  complex and Melnick and F r e i s e r  (23) the e x t r a c t io n  o f  the  
copper th io c y a n a te  complex. Since t i i b u t y l  phosphate i s  commercially 
a v a i l a b le ,  n o n v o la t i le  and noninflammable, i t  o f f e r s  many advantages 
o v er  e x t r a c ta n t s  p r e s e n t ly  be ing  Used.
The aim o f  t h i s  research  work was to  develop s e p a ra t io n s  in  
the  p la tinum  group m e ta ls .  In  r e c e n t  y ea rs  a g re a t  d e a l  o f  work has 
been done in  t h i s  a re a ,  p a r t i c u l a r l y  i n  th e  f i e ld  o f  io n  exchange 
(6 , 8 , 20, 21). However, th e  f i e ld  o f  e x t r a c t io n ,  i n  which l i t t l e  
work has been done, o f f e r s  many advantages . In g e n e ra l  an e x t r a c ­
t i o n  i s  f a s t e r ,  s im p le r  and more economical than  io n  exchange sep a ­
r a t io n s .  In c a r ry in g  out th e  aim o f  t h i s  research  work the m etals  
s tu d ie d  were p la tinum , pa llad ium , rhodium and i r id iu m .  Osmium and 
ruthenium were no t inc luded  s in c e  th e y  a re  e a s i ly  se p a ra te d  from the  
o th e r  p latinum  m eta ls  by v i r t u e  of the v o l a t i l i t y  o f  t h e i r  t e t r o x i d e s .  
E x tra c t io n s  o f  th e  fo u r  m etals  as the  c h lo r id e  complexes and as th e
th io c y a n a te  complexes were s tu d ie d .  As a r e s u l t  o f  th e se  s tu d ie s  
s e p a ra t io n s  f o r  rhodium and i r id iu m ,  rhodium and p la tinum  and p l a t i ­
num and p a l lad iu m  were a f f e c te d  u t i l i z i n g  c o u n te rc u r re n t  d i s t r i b u t i o n  
te c h n iq u e s .
EXPERIMENTAL
(A) P re p a ra t io n  o f  So lu tions
Platinum thermocouple w ire  was used  fo r  p r e p a ra t io n  o f  the 
s tan d a rd  platinum  s o lu t io n .  I n i t i a l l y ,  l 0337lj g, o f  p la tinum  were 
d isso lv e d  i n  a q u a - re g ia .  The s o lu t io n  was th en  evaporated to  dryness 
and ta k e n  up i n  co n cen tra ted  h y d ro c h lo r ic  a c id .  The s o lu t io n  was ag a in  
evaporated  to  dryness and taken  up in  co n cen tra ted  hydro ch lo ric  a c id .  
This procedure was repeated  tvro more tim es in  o rd e r  to d e s tro y  any 
n i t r o s y l  c h lo r o p la t in ic  c h lo r id e  which was formed during  d i s s o lu t i o n .  
F in a l ly  th e  re s id u e  was tak en  up in  100 ml, o f  c o n cen tra ted  hydroch lo­
r ic  ac id  and d i l u t e d  to  one l i t e r .  The c o n c e n tra t io n  o f th e  stock 
s o lu t io n  was th e n  1337..U ppm, p la tinum , 7/hen t h i s  supply o f  p latinum  
was exhausted a new s o lu t io n  co n ta in in g  l o 0 3 0 6  g„ o f  p latinum  thermo­
couple w ire was prepared  fo llow ing  the  aforem entioned procedure . The 
c o n c e n tra t io n  o f  th e  new s to c k  s o lu t io n  was 1 0 3 0 , 6  ppm, p la tinum .
The pallad ium  s to c k  s o lu t io n  was prepared  by d is s o lv in g  1,0000 g, 
o f  pa llad ium  m etal i n  fhming p e r c h lo r ic  a c id .  The s o lu t io n  was fhmed 
to  d iy n e ss s taken  up i n  1 0 0  ml, o f  co n ecn tra ted  h y d ro ch lo r ic  acid 
and d i lu t e d  to  one l i t e r .  The s o lu t io n  was s ta n d a rd iz e d  u s in g  th e  
dimethylglyoxime procedure from H illeb rand  and Iu n d e l l  (1 7 ) ,  The 
c o n c e n tra t io n  o f  th e  new s to c k  s o lu t i o n  was 1 0 0 0  ppm, pa llad ium ,
When t h i s  supply  o f  pa llad ium  was exhausted a new s o lu t io n  co n ta in in g
6
approxim ately  1 ,80  g. o f  pallad ium  m etal was made up by th e  a f o re ­
mentioned p rocedure . The c o n c e n tra t io n  was found by the s t a n d a r d i ­
z a t io n  to be 1814? ppm. pa llad ium .
The rhodium s to c k  s o lu t io n  was prepared  by d is s o lv in g  rhodium
( I I I )  c h lo r id e  from A. D. Mackay, I n c . ,  i n  100 ml. o f  co n cen tra ted  
h y d ro ch lo ric  a c id .  The s o lu t io n  was th e n  d i lu te d  to  one l i t e r .  The 
s to c k  s o lu t io n  o f  rhodium was s ta n d a rd iz e d  by spectropH otom etric  
a n a ly s is  u s in g  t h e  method o f  Ayres and Young (0 ).  The s ta n d a rd  curve 
f o r  th e  procedure had been prepared  from a rhodium s o lu t io n  s ta n d a rd ­
ized  by th e  method o f  G i l c h r i s t  (16).
The i r id iu m  stock  s o lu t i b n  was prepared  by d i s s o lv in g  ir id iu m
(IV) c h lo r id e  from A. B. Mackay, I n c . ,  i n  100 ml. o f  co n cen tra ted  
h ydro ch lo ric  a c id .  The s o lu t io n  was th e n  d i lu te d  to  one l i t e r .  The 
s tock  s o lu t io n  o f  i r id iu m  was s ta n d a rd iz e d  by sp ec tro p h o to m etr ic  
a n a ly s is  u s in g  th e  method o f  Ayres and Quick (3 ).  The s ta n d a rd  curve 
fo r  the  procedure had been prepared  from an i r id iu m  s o lu t io n  s ta n d ­
a rd ized  by th e  method o f  G i l c h r i s t  (16).
The v a r io u s  h y d ro ch lo ric  a c id  so lu t io n s  used in  a l l  cases 
were 31% C. P. h y d ro ch lo r ic  a c id  o r  an a p p ro p r ia te  d i l u t i o n  th e r e o f .  
The sodium c h lo r id e  used was reagent grade.
The t r i b u t y l  phosphate used was ob ta ined  from Mathieson,
Coleman and B e ll  and was used w ithou t f u r th e r  p u r i f i c a t i o n .
Tire potassium  th io c y a n a te  used was reag en t grade and was added 
by weight to g ive  th e  c o r r e c t  mole r a t i o s .
The b u f f e r  s o lu t io n s  used were p repared  accord ing  to  s p e c i f i ­
c a t io n s  o f  C lark  and Lubs found in  th e  Handbook o f  Chemistry by Lange,
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Bbr a pH :  1 , th e  b u f f e r  s o lu t io n  was prepared  by mixing J4.8 5 ml. 
o f  0 . 2 M h y d ro ch lo ric  ac id  w ith  2 5 0  ml. o f  0 . 2 M potassium  c h lo r id e  
and d i l u t i n g  to  one l i t e r .  A pH r  2 b u f f e r  s o lu t io n  was p repared  
by mixing to g e th e r  5 3  ml. o f  0 . 2 M h y d ro ch lo ric  ac id  and 2 5 0  ml. o f  
0.2M potassium  c h lo r id e  and d i l u t i n g  to  one l i t e r .  The pH = 3 
b u f f e r  system was prepared  by mixing to g e th e r  203 ml. o f  0.1M hydro­
c h lo r ic  a c id  and 5 0 0  ml. o f  0 . 1 M potassium  ac id  p h th a la te  and d i l u ­
t i n g  to  one l i t e r .  Tbr the  pH “ 3*8 b u f f e r  s o lu t io n ,  26.3 ml. o f  
0.1M h y d ro ch lo ric  a c id  were mixed w ith  500 ml. o f  0.1M potassium  
a c id  p h th a la te  and d i lu te d  to  one l i t e r .
(B) Apparatus
A Beckman Model DU spec tropho tom eter  w ith  matching s i l i c a  
c e l l s  was used f o r  th e  a n a ly s is  o f  th e  p la tinum , pa llad ium , rhodium 
and i r id iu m  s o lu t io n s .
The c o u n te rc u rre n t  d i s t r i b u t i o n  appara tus  used was th e  e x t r a c ­
t i o n  machine b u i l t  and assembled by in land  (2 6 ) .
The measurement of d i s t r i b u t i o n  c o e f f i c i e n t s  u t i l i z e d  an e ig h t  
tube  V i r t i s  e x trac to m a tic  ap p a ra tu s ,
(C) A n a ly t ic a l  Procedures
The p la tinum  s o lu t io n s  were analyzed by th e  method o f  Ayres 
and Meyer (2). In  th e  a n a ly s is  f o r  p la tinum , aq u a -re g ia  was added and 
th e  sample was evaporated to  a m oist residue* C oncentrated  hydroch lo ­
r i c  ac id  was added and th e  sample aga in  evaporated  to  a m oist re s id u e .  
The sample was th en  taken  up in  approxim ately  10% h y d ro c h lo r ic  ac id  
f o r  a n a ly s i s .  To th e  sample were added 10.00  ml. o f  co n cen tra ted
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h y d ro ch lo ric  a c id ,  2 5 . 0  m l. o f  2 0 $ ammonium c h lo r id e  and 2 0 . 0  ml. 
o f  1 .0  molar t i n  ( I I )  c h lo r id e  s o lu t io n .  The sample was th en  d i lu t e d  
to  100.0 ml. and allowed to  s tand  f o r  t h i r t y  m inutes. The p e r  c e n t ,  
absorbancy was read a t  h0 3  staIc*
The pallad ium  s o lu t io n s  were analyzed by the  method o f  Ayres 
and T uffly  (U). The i n i t i a l  s te p  i n  the  a n a ly s is  o f  a sample f o r  
pallad ium  was to  fume th e  sample down with a m ixture o f  95 p a r t s  
p e rc h lo r ic  a c id  to 5 p a r t s  n i t r i c  a c id .  The sample was th en  d i s -  
so lved  in  co n cen tra ted  h y d ro ch lo r ic  a c id  and taken down to  a moist 
r e s id u e .  The sample was then  d is so lv e d  i n  3$ h y d ro ch lo r ic  a c id .
To th e  sample, 5 .0  ml. o f  hydrobromic ac id  was added. The sample 
was d i lu te d  to  25 .0  ml. and allowed to  s tan d  f o r  t h i r t y  m inutes. The 
p e r  c e n t ,  absorbancy was read a t  5 0 5 wq(fr.
The rhodium s o lu t io n s  were analyzed by the method o f  Ayres 
and Young (5 ) .  The rhodium sample was evaporated to  a moist re s id u e  
a f t e r  a d d i t io n  o f  a q u a - re g ia .  The m oist res idue  was d isso lv ed  in  
concen tra ted  h y d ro c h lo r ic  ac id  and evaporated  to  d ryness .  The sample 
was d isso lv ed  i n  3% h y d ro ch lo r ic  a c id .  To the sample 10.0 ml. o f  a 
sodium a c e t a t e - a c e t i c  a c id  b u f f e r  system and 5 0 . 0  ml, o f  a $% sodium 
h y p o c h lo r i te  s o lu t io n  were added. The sample was d i l u t e d  to  100,0  
ml. and allowed to  s tan d  one hour. The p e r  c e n t ,  absorbancy was 
read a t  665iyt\L°
The i r id iu m  s o lu t io n s  were analyzed  by the method of Ayres 
and Quick (3 ) .  The i r id iu m  sample was evaporated  to  a moist re s id u e  
a f t e r  a d d i t io n  o f  a q u a - re g ia .  The m oist re s id u e  was d is so lv e d  i n  
10$ h y d ro c h lo r ic  a c id .  To the sample mixed a c id s —50 p a r ts  p e r c h lo r ic
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a c id ,  $ 0  p a r ts  phosphoric a c id ,  5  p a r t s  n i t r i c  a c id —were added and 
th e  samples h ea ted  a t  110° -  120° C. for- one hour. The tem pera tu re  
was th en  ra ise d  to  150° -  160° C. and heated  approxim ate ly  e ig h t  
minutes in  excess of the time n ecessary  fo r  a purp le  c o lo r  to  de­
velop , The sample was th e n  d i lu te d  to  25.0 ml. w ith  1% n i t r i c  ac id .  
The p e r  cen t,  absorbancy was read a t  The d a ta  f o r  th e  s t a n ­
dard curves may be seen in  t a b le s  I ,  I I ,  I I I ,  and IV and the s tan d a rd  
curves may be seen  i n  f ig u re s  I ,  I I ,  I I I  and IV.
In cases where the  sample to  be analyzed con ta ined  an app re­
c ia b le  amount o f  potassium  th io c y a n a te ,  a p re l im in a ry  o x id a t io n  was 
c a r r i e d  out by adding 5 ml. of concen tra ted  n i t r i c  a c id .  The sample 
a t  f i r s t  tu rned  d a rk  brown and th e n  with a sudden ev o lu t io n  o f  gases 
i t  tu rn e d  a b lu is h -g re e n  c o lo r .  The samples thus  t r e a te d  v;ere not 
hea ted  u n t i l  th e  b lu is h -g re e n  c o lo r  appeared.
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TABLE I
Data fo r  Platinum Standard Curve 
Platinum









Data f o r  Palladium Standard Curve 
Palladium
C o n cen tra tio n  (ppm) % A
ItO 26 .0
8 0  h6 . 0
1 6 0  71.0
200 79.0
300 9 0 .5
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TABLE I I I  
Data f o r  Rhodium S tandard  Curve
Rhodium
C o n c e n tra t io n  (ppm) % A
2 . 1* 2 2 .0
5 .7  1*0.0
7 .8  50 .0




Data fo r  Ir id iu m  S tandard  Curve
Irid ium
C o n cen tra tio n  (ppm) % A
6.1 18.1
2 0 . 2  50,3
Uo.5 73.0
61,0 89.0
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(D) Measurement o f D is tr ib u t io n  C o e ff ic ie n ts
(1) H ydrochloric Acid -  Sodium C hloride  -  T rib u ty l 
Phosphate System 
The p rocedures follow ed fo r  m easuring th e  d i s t r i b u t io n  c o e f f i ­
c ie n ts  o f th e  c h lo ro  complexes o f p la tinum , pallad ium , rhodium and 
ir id iu m  were i d e n t i c a l ,  hence th e  procedure d escrib ed  below a p p lie s  
to  a l l  fo u r  c a se s .
S ix  $ .00  ml. a l iq u o ts  o f th e  s to c k  sample s o lu t io n  were tak en  
to  d ryness on the  steam  b a th . The samples were th en  d isso lv e d  in  
a p p ro p ria te  amounts o f  co n cen tra ted  h y d ro ch lo ric  a c id  such th a t  on 
d i lu t io n  to  1$ ml. th e  m olar c o n c e n tra tio n  o f  the  h y d ro c h lo ric  a c id  
in  th e  s ix  samples was 1 , 2 , 3 , $ , 7 , and 9 . The system s were th e n  
s a tu r a te d  w ith  sodium c h lo r id e . Ten ml, o f  t r i b u t y l  phosphate were 
th e n  added to  th e  system  and th e  two phases were e q u i l ib ra te d  f o r  one 
m inute on a V ir t i s  e x trac to m a tic  d ev ice .
The r a f f i n a t e  was th en  f i l t e r e d  through Whatman #1 f i l t e r  
paper. This e lim in a te d  th e  con tam ination  o f th e  r a f f i n a t e  by th e  
e x t r a c ta n t ,  as th e  e x tr a c ta n t  could not pass through th e  wet 'Whatman 
#1 f i l t e r  p ap er. The r a f f in a te  was th en  analyzed by th e  procedure 
p re v io u s ly  d e sc rib e d  in  th e  A n a ly tic a l  S a c tio n .
The d a ta  c o l le c te d  in  th e se  experim ents may be seen  in  ta b le s  
V, VI, V II and V III . A g ra p h ic a l p ic tu re  o f th e  v a r ia t io n  o f  th e  
d i s t r i b u t io n  c o e f f ic ie n t  w ith  m o la rity  of h y d ro ch lo ric  a c id  may be 
seen  in  f ig u re  V. The d i s t r i b u t io n  c o e f f ic ie n t  i s  d e fin e d  a s :
-  mg. m e ta l/  m l. o f  e x tr a c ta n t  
~ m g.'"m etal/ m l. o f  r a f f in a te
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TABLE V
E x tra c tio n  o f  Platinum  
from H ydrochloric  Acid-Sodium C hloride Systems
HC1 mg, Pt
Sample C o n cen tra tio n  (M) Taken
1 1 6 .69
2 2 6.6?
3 3 6.69
h 5 6 .69
5 7 6.69
6 9 6 .69
mg. Pt in  mg. Pt in  
E a ff in a te  E x tra c ta n t *'Kd
U.01 2.68 1.00
1.81 1*.88 i*.06
0.1*7 6 .22  13.20
0.1*7 6 .22  13 .20
0.1*7 6 .22  13.20
0.67 6 .02  9.00
%  -  rcg« P t/m l. o f  E x tra c ta n t
^ i “  mg. P t/m l. o f  E a iffin a te”
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T A B L E  V I
E x tra c tio n  o f  Palladium  
from H ydrochloric Acid-Sodium C hloride  Systems
HC1 mg, Pd mg. Pd in  mg. Pd in







1 1 5 .00 I1 . 7 1 0.29
2 2 5.00 1*.00 1.00
3 3 5.00 li . 0 5 0.95
h 5 5.00 3 .81 1.19
5 7 5 . 0 0 3 .81 1.19
6 9 5 . 0 0 3 .90 1.10
« _ mg. Pd/ml. o f  E x tra c ta n t
^  ” mg. Pd/ml. o f  R a ff in a te
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TABLE V II
E x tra c tio n  o f  Rhodium 
from H ydrochloric  Acid-Socium C h lo ride  Systems
HC1 mg. Hh mg. Eh in  mg. Rh in
Sample C o n cen tra tio n  (M) Taken R a ff in a te  E x tra c ta n t
1 1 3 .7 0 3 .70 0.00
2 3 3 .7 0 3 .35 0 .35
3 5 3 .7 0 3 .1 1 0 .59
h 7 3 .7 0 3 .11 0 .59






% , _ mg. Hh/ml. o f  E x tra c ta n t
~ mg. 'Eh/ml. c f  R a ff in a te
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TABLE V III
E x tra c tio n  o f  Irid iu m  
from H ydrochloric Acid-Sodium C hloride Systems
HC1 mg. I r mg. I r  in mg. I r  in
Sample C oncen tra tion (M) Taken R affin a te E x tra c ta n t
1 1 2.66 2.36 0.30
2 2 2.66 1 .39 1.27
3 3 2 .66 1.36 1 .3 0
h 5 2.66 0.79 1.87
5 7 2.66 0 . 7 2 1 ,9k






a . ou 
3 .00
-  mg. I r /m l. o f  E x tra c ta n t 






















(2) Potassium  tftiio cy an a te  — T rib u ty l Fhosphate System
The e x tra c tio n s  of p la tin u m , p a llad iu m , rhodium and ir id iu m  
were run a t  pH's o f  1 , 2 , 3 and 3 .8  w ith  mole r a t io s  o f po tassium  
th io c y a n a te  to  m etal o f  10 :1  and 5>00:1 a t  each pH. The p rocedures 
in  each case  were th e  same and th e  p rocedure d e sc rib e d  below a p p lie s  
to  a l l  fo u r  c a se s . P latinum , p a llad ium  and rhodium were run in  d u p li­
c a te .  Irid iu m  was n o t.
E i^ r t  5 .00  ml. a l iq u o ts  o f  th e  s to c k  sample s o lu t io n  were 
tak en  to  dryness on a steam  b a th . The samples were th e n  d is s o lv e d  
in  th e  a p p ro p ria te  b u f f e r  s o lu tio n s  such th a t  th e r e  were two samples 
a t  each pH. S o lid  po tassium  th io c y a n a te  was added so th a t  a t  each 
pH th e re  was a 10:1 and a 500:1 mole r a t io  o f  po tassium  th io c y a n a te  
to  m eta l. The sam ples were th e n  h ea ted  f i f t e e n  m inutes on a steam  
b a th  and allow ed to  co o l. The samples were t r a n s f e r r e d  to  th e  ex­
t r a c t i o n  tu b es  and d i lu te d  to  35 ml. w ith  th e  a p p ro p r ia te  b u f f e r  
s o lu t io n .
Next, 25 ml. o f  t r i b u t y l  phosphate were added and th e  system  
e q u i l ib r a te d  fo r  one m inute on the V i r t i s  e x tra c to m a tic  a p p a ra tu s .
The r a f f i n a t e  was f i l t e r e d  th rough  UThatman #1 f i l t e r  paper and tak en  
fo r  a n a ly s is  by th e  aforem entioned  procedures in  th e  A n a ly tic a l  S e c tio n .
The r e s u l ts  can be seen  in  ta b le s  IX, X, XI and X II. The 
v a r ia t io n  o f  th e  d i s t r i b u t io n  c o e f f ic ie n t  w ith pH a t  a 10:1  mole 
r a t io  may be seen i n  f ig u re  VI and f o r  a 500:1 mole r a t io  in  f ig u re  V II.
The r e s u l t s  from th e  c h lo r id e  system  in d ic a te d  th a t  th e r e  was 
a p o s s i b i l i t y  o f  s e p a ra tin g  p la tinum  from rhodium, ir id iu m  from rhodium, 



















E x tra c tio n  o f  P latinum  from Potassium  Thiocyanate Systems
S e r ie s  #1
KSCNrPfc mg. Pt mg. Pt i n mg. Pt in
pH Ratio Taken R a ff in a te E x tra c ta n t %
1 .0 10:1 5.153 0.113 5.01*0 62.2
1 .0 500:1 5.153 0,113 5.0jj0 62.2
2 .0 10:1 5.153 0.113 5.01*0 6 2 . 2
2 .0 500:1 5.153 0.113 5.01*0 62.2
3 .0 10:1 5.153 1.253 3 .900 1*2.1*
3 .0 5 0 0 : 1 5.153 0.113 5.01*0 62.2
3 .8 10:1 5.153 1.1*03 3 ,7 5 0 1*0.1
3 .8 5 0 0 : 1 5.153 0.113 5.01*0 62.2
S e r ie s  #2
KSCN: Pt mg. Pt mg. Pt in mg, Pt in
Ratio Taken R a ffin a te E x tra c ta n t *Kd
1 .0 10:1 5.153 0.113 5.01*0 62.2
1 .0 500:1 5.153 0.113 5.01*0 62.2
2 .0 10:1 5.153 0.113 5.01*0 62.2
2 .0 5 0 0 : 1 5.153 0.113 5.ol*o 62,2
3 .0 10:1 5.153 1.073 1*.080 53.3
3 .0 500:1 5.153 0.113 5.ol*o 62.2
3 .8 10:1 5.153 1.14*3 3 .710 1*0.1
3 .8 500:1 5.153 0.113 5.ol*o 62.2
■Hrv -  mg* E x tra c ta n t



















E x tra c tio n  o f  Palladium  from Potassium  Thiocyanate Systems
S e r ie s  #1
KSGNtPd mg. Pd mg. Pd in mg. Pd in
E*L Ratio Taken R a ffin a te E x trac tan t **d
1 .0 10:1 9.21*$ 0.000 9.21*$
1 .0 $00:1 9.21*5 0.17$ 9.070 72.6
2 .0 10:1 9.21*$ 0.11*$ 9.100 87.9
2 .0 $00:1 9.21*$ 0.19$ 9.0$0 6 $ . l
3 .0 10:1 9.21*$ 0.32$ 8.920 38.$
3 .0 $00:1 9.21*$ 0.16$ 9.080 77.0
3 .8 10:1 9.21*$ 0.39$ 8,8$0 31.3
3 .8 $00:1 9.21*$ 0.12$ 9.120 102
S e r ie s  #2
KSCN:Pd mg. Pd mg. Pd in mg. Pd in
PH Ratio Taken . R a ff in a te E x tra c ta n t *Kd
1 .0 10:1 9.21*$ 0.08$ 9.160 1$0
1 .0 $00:1 9.21*$ 0.13$ 9.110 91*.3
2 ,0 10:1 9.21*$ 0.11$ 9.130 111
2 .0 $00:1 9.21*$ 0.17$ 9.070 72.6
3 .0 10:1 9.21*$ 0.31$ 8.930 39.6
3 .0 $00:1 9.21*$ 0.19$ 9.0$0 6$„0
3 ,8 10:1 9.21*$ 0.36$ 8.880 31*.1
3 .8 $00:1 9.2l*$ 0.17$ 9.070 72.6
#  mg. Pd/m l. o f  E x tra c tan t




E x tra c tio n  o f Ehodium from Potassium  Thiocyanate Systems
S e rie s  #1
KSGN: Eh mg. Eh mg. Eh in mg. Eh in
Sample E atio Taken E a ff in a te E x tra c ta n t *Kd
1 1 .0 10 s i 3 .7 0 3 .6 0 0.10 0.038
2 1 .0 5 0 0 : 1 3 .7 0 0 .0 9 3.61 56 .2
3 2 .0 10 :1 3 .7 0 3.U6 0 .2li 0.097
k 2 .0 5 0 0 : 1 3 .7 0 0 .0 9 3.61 56.2
5 3 .0 10:1 3 .7 0 2 .82 0.88 0.1435
6 3 .0 500:1 3 .7 0 0 .0 9 3 .61 56 .2
7 3 .8 10:1 3 .7 0 2 .1 9 1.51 0.966
8 3 .8 5 0 0 : 1 3 .7 0 0 .0 9 3.61 56.2
S e r ie s  #2
KSCNsEh mg. Hh mg. Eh in mg Eh in
Sample , Ttetio Taken l!a f f in a te E x tra c ta n t *Kd
1 1 .0 10:1 3 .7 0 3 .2 6 0. lilt 0 .86
2 1 .0 5 0 0 : 1 3 .7 0 0 .09 3 . 6 1 56.2
3 2 .0 10:1 3 .7 0 3 .1 6 0.5*4 0.236
h 2 .0 5 0 0 : 1 3 .7 0 0 .0 9 3.61 56.2
5 3 .0 10:1 3 .7 0 2 .58 1.12 0.609
6 3 .0 500:1 3 .7 0 0 .0 9 3.61 56.2
7 3 .8 10 :1 3 .7 0 2.2 lt 1.U6 0,910
8 3 .8 5 0 0 : 1 3 .7 0 0 .09 3 .61 56.2
* mg. Eh/ml,f o f  E x tra c ta n t
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TABLE XII
E x tra c tio n  o f Irid iu m  from Potassium  Thiocyanate Systems




mg. I r  
Taken
mg. I r  in  
R a ff in a te
mg. I r  in  
E x tra c ta n t *Kd
1 1.0 10:1 2.66 2 . 5 0 0 .16 0 .0 9
2 1 .0 5 0 0 : 1 2.66 2.U5 0.21 0 .11
3 2 .0 10:1 2.66 2.63 0.03 0 .01
U 2.0 5 0 0 : 1 2.66 1.85 0.81 0 .61
5 3 .0 10:1 2.66 1.69 0.97 0.81
6 3 .0 5 0 0 : 1 2.66 1.63 1.03 0.88
7 3.8 10:1 2.66 1,38 1 .28 1 .29
*Kd
_ mg. I r /m l . o f  E x tra c ta n t






















C o n sid erin g  f i r s t  th e  r e s u l t s  from th e  10:1  mole r a t io  o f  
p o tass iu m  th io c y a n a te  to  m e ta l, th e r e  appeared  to  be a p o s s i b i l i t y  
o f  s e p a ra t in g  p la tin u m  from rhodium o r  i r id iu m  and p a llad iu m  from 
rhodium o r  ir id iu m .
The r e s u l t s  from th e  £00:1 mole r a t io  o f  p o tassiu m  th io c y a n a te  
to  m eta l in d ic a te d  th e  p o s s i b i l i t y  o f  s e p a ra t in g  p la tin u m , p a llad iu m  
and rhodium from ir id iu m .
A com parison of th e  two system s from a p r a c t i c a l  s ta n d p o in t 
p roduced th e  f a c t  t h a t  th e  c h lo r id e  i s  f a r  s u p e r io r .  Not on ly  does 
i t  p o ssess  th e  advantage o f  being  s im p le r  b u t a ls o  th a t  o f  b e in g  
f a s t e r .  Hence any s e p a ra t io n  th a t  can  be a f f e c te d  by e i t h e r  system  
would p r e f e r a b ly  be developed  u s in g  th e  c h lo r id e  system . As a r e s u l t  
o f  th e s e  c o n s id e ra t io n s  i t  was d ec id ed  to  work on th e  s e p a ra t io n s  o f  
p la tin u m  from rhodium, rhodium from ir id iu m  and p la tin u m  from p a llad iu m  
in  th e  c h lo r id e  system . The d a ta  in  th e  th io c y a n a te  system s in d ic a te d  
th e  p o s s i b i l i t y  o f  s e p a ra t in g  p la tin u m  from ir id iu m  and rhodium  from 
i r id iu m . The c o n s id e ra t io n  o f th e  s e p a ra t io n  o f  rhodium from ir id iu m  
in  th e  th io c y a n a te  system  was s tim u la te d  by d i f f i c u l t i e s  in  th e  c h lo r id e  
system  which r e q u ire d  a manual p se u d o -c o u n te rc u rre n t p ro c e ss  in  o rd e r  
to  a f f e c t  th e  s e p a ra t io n .  The s e p a ra t io n  o f  ir id iu m  from p a llad iu m  
i n  e i t h e r  system  was no t c o n s id e re d  s in c e  th e  e x i s t in g  methods o f  
s e p a ra t io n  a re  ad eq u a te .
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(E) S ep a ra tio n  o f  Rhodium and Irid ium
(1) T h e o re tic a l S ec tio n  
The e x tr a c t io n  te ch n iq u e  used f o r  the s e p a ra t io n  o f  rhodium 
and ir id iu m  was th a t  o f  Bush and Densen (7 ). Fbr th e  development 
o f  sim ple d i s t r i b u t io n  curves the fo llow ing  d e f in i t io n s  and assump­
t io n s  were made:
(a) A substance  in  s o lu t io n  can be d is t r ib u te d  between two
im m iscible l iq u id  phases, x and y , such th a t  a t  e q u ilib riu m
-  rog* ° f  A p e r  ml. o f  x 
^d ” mg. o f A p e r  ml. o f  y
Furtherm ore i t  was assumed th a t  in  working with d i l u t e  s o lu tio n s  the
d i s t r ib u t io n  c o e f f ic ie n t ,  K^, d id  not v a ry  w ith c o n c e n tra tio n .
(b) I t  was assumed th a t  th e  s o lu te s  u n d er c o n s id e ra tio n  were 
n e i th e r  a s so c ia te d  n o r d is s o c ia te d  ap p rec iab ly  in  e i t h e r  s o lv e n t .
(c) The co n d itio n s  o f  eq u ilib riu m  were assumed to  be co n s ta n t.
(d) There was only  n e g lig ib le  ad so rp tio n  o f  so lu te  on th e  
apparatus o r  a t  th e  l iq u id - l iq u id  in te r f a c e .
I f  th e  t o t a l  volumes o f  th e  two so lv en ts  a re  d es ig n a ted  as Vx
and V y  r e s p e c t iv e ly ,  and Pa rep re sen ts  th e  f r a c t io n  o f  s o lu te  A which
is  in  the so lv e n t x a t  eq u ilib riu m  (1 -  Pa , th e  rem ainder o f  A, i s  in
th e  so lv e n t y ) ,  th e n
T otal amount o f A in  x = (mg. p e r m l. o f  x) Vx
T otal amount o f  A in  y  = (mg. per m l. o f  y) V y
and pa _ (mg. p e r  m l. o f  x)Vx _ %
1 -  Pa (mg. p e r ml. o f  y ) V y  ^  Vy
By tra n sp o s in g  and combining a p p ro p ria te  terms
P  -  K a V x  
3  ‘  V^TTVy
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The f r a c t io n  o f  s o lu te  A in  s o lv e n t Y i s  Qa where Qa = 1  -  Pa .
In  d e a lin g  w ith  m ix tu res  o f  s o lu te s  i t  i s  assumed th a t  each 
s o lu te  d i s t r i b u t e s  in d e p e n d an tly . I t  was on t h i s  assum ption  th a t  
th e  t h e o r e t ic a l  cu rv es  were c a lc u la te d .  This assum ption  i s  n o t 
s t r i c t l y  t r u e  b u t th e  d e v ia tio n s  must be determ ined  ex p e r im e n ta lly , 
as th e re  i s  no method f o r  c a lc u la t in g  t h i s  i n te r a c t io n .
U sing th e  eq u a tio n s  d e r iv e d  and th e  assum ptions made th e  c a l ­
c u la t io n  o f  th e  d i s t r i b u t io n  o f  each s o lu te  o f th e  m ix ture was made. 
A c tu a lly  th e  system  used  f o r  s e p a ra t in g  rhodium and ir id iu m  d id  not 
obey a l l  o f  the  assu m p tio n s . P robab ly  th e  w orst assum ption  was (b) 
which was not co n s id e red  to  be a p p lic a b le  to  th e  io n  a s s o c ia t io n  
system  s tu d ie d .
The e x t r a c t io n  p a t te r n  and th e  a lg e b ra ic  c a lc u la t io n  o f  th e  
f r a c t io n  o f  th e  s o lu te  in  each o f  th e se  s o lu t io n s  was c a r r ie d  out 
as shown in  f ig u re  V I II ,  w here: (1) th e  com binations and s e p a ra t io n s
were c a r r ie d  ou t as d i r e c te d  by th e  arrow s; (2) th e  c i r c le d  term s 
re p re se n te d  th e  f r a c t io n a l  amounts o f a s in g le  s o lu te  combined and 
e q u i l ib r a te d  between th e  two phases in  a s e p a ra to ry  fu n n e l; (3) th e  
two term s below an e q u i l ib r a t io n  were o b ta in ed  by add ing , th e  two 
term s above th e  e q u i l ib r a t io n ,  and m u ltip ly in g  by p f o r  th e  x  term  
below and by Q f o r  th e  y  term  below .
In  d e a lin g  w ith  s e p a ra t io n  o f  rhodium and ir id iu m , th e  volume 
r a t io  o f  e x t r a c ta n t  to  r a f f i n a t e  can be c a lc u la te d  from
K diVxYVy Kd2Vx7  Vy
3U
Y III,
FIGURE V I I I  
E x tra c tio n  P a tte rn  o f  Bush and Densen
T o ta l Amount 
o f  S o lu te
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which can be s im p lif ie d  to
V x -  f ~  
vy -y
(2) Experim ental S ec tio n  
In th e  s e p a ra tio n  o f  rhodium and irid iu m  5 .00  ml, a liq u o ts  
o f  a 532 ppm, irid iu m  s o lu t io n  and 7 5 0  ppm. ihodium s o lu tio n  were 
mixed fo r  th e  s e p a ra tio n . Four se p a ra te  runs were made. The s ta n d ­
a rd ize d  procedure is  as fo llow s;
The sample co n ta in in g  th e  m ixture of rhodium and irid iu m  was 
evaporated  to  dryness on a steam b a th . The sample was then  d isso lv ed  
in  6M h y d ro ch lo ric  ac id  s a tu ra te d  w ith  sodium c h lo rid e . One ml. o f  
hydrogen perox ide  was added and th e  s o lu tio n  b o ile d  v ig o ro u s ly . The 
sample s o lu t io n  was co o led , tr a n s fe r re d  to  a se p a ra to ry  funnel and 
d i lu te d  to 1 5  m l. w ith th e  h y d ro ch lo ric  acid-sodium  c h lo r id e  m ix tu re . 
The sample s o lu t io n  was th e n  e q u il ib ra te d  w ith lit ml. o f  t r ib u ty l  
phosphate. The e x tra c tio n s  were c a r r ie d  out u s in g  th e  e x tra c t io n  
p a t te rn  o f Bush and Densen (7) shown in  f ig u re  V III , However, th e  
o r ig in a l  r a f f in a te  had to  be ox id ized  w ith  hydrogen peroxide each 
tim e i t  was e x tra c te d  in  o rd e r to  com pletely  remove the irid iu m . 
jReferiing to  f ig u re  V III , t h i s  means r a f f in a te  s o lu tio n s  XI0 , XI^ 
and XL? had to  be o x id ized  befo re  being  co n tac ted  by e x tra c ta n t  
so lu tio n s  YIq , I I I 0 and Y IIIq . No fu r th e r  o x id a tio n s  were needed 
a f t e r  th e  th re e  mentioned above had been accom plished.
The e x tr a c ta n t  phase was s tr ip p e d  by e q u i l ib ra t in g  with 15 ml. 
o f  a 25$ n i t r i c  acid  s o lu t io n  s a tu ra te d  w ith sodium n i t r a t e .  U sually  
th re e  to  f iv e  e q u il ib ra t io n s  were s u f f ic ie n t  to  q u a n t i ta t iv e ly  remove
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any ihodium o r  ir id iu m  from th e  e x t r a c ta n t  phase. The an a ly ses  were 
c a r r ie d  o u t by th e  methods d e sc rib e d  in  th e  A n a ly tic a l  S ec tio n .
(3) H esu lts  S e c tio n  
The d a ta  fo r  fo u r  s e p a ra tio n s  may be seen  in  t a b l e  X III .  In  
p lo t t i n g  th e  d a ta  th e  average v a lu e  p e r  tube was p lo t te d  a g a in s t  th e  
tu b e  number. The tu b es  were numbered in  a co u n te rc lo ck w ise  d i r e c ­
t i o n  as may be seen  in  f ig u re  V III . This ex p erim en ta l p lo t  i s  com­
p ared  with th e  th e o r e t i c a l  p lo t  (d o tted  l i n e )  in  f ig u re  IX. The 
d a ta  f o r  the  t h e o r e t i c a l  p lo t  was tak en  from t a b l e  XIV. The r e s u l t s  
o f  th e  above s e p a ra tio n s  show an average reco v ery  o f 3 .6 6  mg. o f  
ihodium out o f  3 . 7 0  mg. tak en  and 2 .5 1  mg. o f  ir id iu m  ou t o f  2 .6 6  mg. 
ta k e n . Although th e  o x id a tio n  s te p  re q u ire d  b e fo re  each e x t r a c t io n  
o f  th e  o r ig in a l  r a f f in a te  was tim e consuming, th e  s e p a ra t io n  was 
e a s i ly  c a r r ie d  o u t in  one to  one and o n e -h a lf  h o u rs . This i s  con­
s id e ra b ly  f a s t e r  th an  most o f  the  s e p a ra tio n s  b e in g  used  a t  th e  
p r e s e n t  tim e .
TABLE X III
Data fo r  the Separation o f  Ihodium and Iridium
-System: H ydrochloric Acid-Sodium 3hlo r id e -T r ib u ty l  Phosphate
Q u a n titie s  Taken: 2 .66  mg. o f  Irid ium  and 3 .70  mg. o f  Ihodium
Run i l Run n Run #3 Run f k
Number mg. Eh mg. I r mg. Eh mg. Ir mg. Hi -mg. Ir mg. Hi mg. Ir
0 3 .35 0.00 3 .56 0.00 3.66 0.00 3.56 0 .00
1 0 .20 0.00 0.10 0.00 t r 0.00 0.19 0.00
2 t r 0 .00 t r 0.00 0.00 0.00 0.00 0.00
3 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
h 0.00 0.35 0.00 0.31 0.00 0,31 0.00 0.39
5 0.00 2.20 0.00 2.U i 0.00 2.20 0.00 2.15
Average Recovery of1 Ihodium z 3 .66  mg.
Average Recovery o f  Iridium z 2.51  mg.
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TABLE XIV
T h e o re tic a l Data f o r  th e  S e p a ra tio n  o f  Bhodium and Irid iu m
F ra c tio n  o f  Hi %ig. Hi F ra c tio n  o f  I r  *mg. I r
Tube Mamber P re sen t P re se n t P resen t P re sen t
'" * ■ ■■■' . -  -r ■ 1 1 1  1 11 ■'"« p " 1 " 1
0 0 .5 9  2 .1 8  0.00 0 .0 0
1 0 .2 8  1.0U  0.01 0 .03
2 0 .11  0.1*0 0.02 0 . 0 5
3 0.02 0 . 0 7  0.18 0.1*8
1* 0 .01  0.01* 0 .3 1  0 .83
5 0 .00  0 .0 0  0.37 0 .98
*  Based on 2 .66  mg. o f  Irid iu m  and 3 .70 mg. o f  

















D istr ib u tio n  Curves fo r  the Separation o f  Biodium and Iridium
Experimental Rhodium Curve 
T heoretica l Rhodium Curve 
T heoretica l Iridium Curve 
Experimental Iridium Curve





(F) Separation o f  Riodium and Platinum  
(1) T h eoretica l
In th is  th e o r e t ic a l d isc u ss io n  o f  fr a c tio n a tio n  by d is tr ib u ­
t io n  i t  w i l l  be assumed th a t , when two s o lu te s  are ex tracted  rever-  
s ib ly  in  a given two phase system , each w i l l  behave as i f  th e  other  
so lu te  were not p resen t. Moreover i t  may a lso  be assumed th a t con­
s ta n t  p a r t it io n  r a t io s  are obtained over th e concentration  range 
employed.
In order to  s im p lify  the countercurrent d is tr ib u tio n  p rocess, 
equal volumes o f  th e  two phases w i l l  be considered and a s o lu te  
u t i l i z e d  which haq. a p a r t it io n  r a t io  o f  1 in  the so lv en t p a ir .
Figure X, taken from W eissberger (2 8 ), i l lu s t r a t e s  t h is .  Separate 
co n ta ctin g  tubes are arranged in  a s e r ie s  numbered 0 , 1 , 2 , „ . . R 
from l e f t  to r ig h t . I f  a u n it  q u an tity  o f  so lu te  i s  d isso lv ed  in  Lq 
and VQ moved over i t ,  the process w i l l  be in  i t s  i n i t i a l  p o s it io n  at 
0 tr a n s fe r . The two phases are eq u ilib ra ted  and separated . Now the 
upper phases are sh if te d  so th a t VG w il l  be over and Vi over Lq»
One tr a n sfe r  has now been accom plished.
For the second tr a n s fe r , both tubes are eq u ilib ra ted  and the  
upper la y ers  s h if t e d  so th a t V0 i s  over L2 , VI over Li and V2 over lo .  
Two tra n sfers  have now been accomplished and th e  to ta l  fr a c tio n  of 
substance in  each tu b e , both la y ers  combined, i s  given in  the tab le  
on fig u re  X on th e  l in e  op p osite  th e  number o f  tr a n s fe r s .
The ta b le  on figu re  X represents an expansion corresponding to  
(x /  y ) n r  1 , There y  represents the fra c tio n  in  th e low er phase and 
x represents the fra c tio n  being tra n sferred . The l e t t e r  n corresponds
ill
to  the number o f  tr a n sfe r s . When carried  out as outlined  above, 
the amount o f  substance present in  each tube can be ca lcu la ted  d ir e c t ly  
by the binomial theorem, s in c e  the fra c tio n  in  the Rfch tube i s  that 
o f  the Rfch term of th e  binom ial theorem. The fra c tio n  Tn,R o f  sub­
stan ce present in  the Rth tube a f te r  n tra n sfers  i s
This i s  th e  formula used fo r  the th e o r e t ic a l c a lcu la tio n s  in  the 
separations o f ihodium from platinum and palladium from platinum .
h2
FIGURE X








(2) Experimental S ectio n  
In the separation  o f  rhodium and platinum, 10.00 ml. a liq u ots  
were taken from a 7U0 ppm. stock  so lu t io n  o f  rhodium and a 1337 ppm. 
stock  so lu tio n  o f  platinum. The standardized procedure was as fo llow s:  
The sample was evaporated to  dryness on a steam bath and d is ­
so lved  in  3M hydrochloric acid  th at had been p rev iou sly  saturated  with  
sodium chloride and t i lb u t y l  phosphate. The tr ib u ty l phosphate from 
th is  e q u ilib r a tio n  was l a t e r  used as the extractan t. The sample was 
heated ten minutes on a steam bath, cooled and transferred  to  the 
f i r s t  tube in  th e  countercurrent ex tra c to r . The other tubes in  the  
e x tr a c to r  were f i l l e d  w ith the r a ff in a te  system , 3M hydrochloric acid  
sa tu rated  with sodium ch lorid e  and tr ib u ty l phosphate. The f in a l  
volume o f  the r a ffin a te  system s in  th e  tubes was approximately UO ml. 
Then 2h ml. o f  t r ib u ty l phosphate were added to  tube 0. The system  
was eq u ilib ra ted  by in v er tin g  the tube and then  allow ing the system  
to  s e t t l e .  This technique was carried  out tw enty tim es fo r  each 
e q u ilib r a tio n . Then the ex tractan t phase was tran sferred  to  tube 1 
and fresh  extractan t added to  tube 0 , This procedure was repeated 
u n t i l  the i n i t i a l  extractan t had been transferred  to tube $, a t which 
p oin t the sep aration  had been a ffe c te d . The r a ffin a te  phase in  each 
tube was then combined w ith  the s tr ip p in g  so lu t io n  from th e  respec­
t iv e  ex tractan t phase. The extractan t phase was stripped by eq u ilib ra ­
t in g  w ith  a 2 sol ut i on o f  n itr ic  a c id  saturated  with sodium n itr a te .  
U su a lly , three e q u ilib r a tio n s  resu lted  in  q u a n tita tiv e  removal. The 
a n a ly t ic a l  procedures were then carried  out as described in  the 
A n a ly tica l S ectio n .
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(3) R esults S ection  
The sep aration  u sin g  th e  standardized procedure was carried  
out four tim es. The data from th ese  four sep aration s may be seen  in  
ta b le  XV. The average recovery per tube i s  p lo tted  a g a in st tube  
number in  f ig u re  XI, The dotted  curve i s  a p lo t  o f  th e  th e o r e t ic a l  
data taken from ta b le  XVI. The average recovery o f rhodium was 7.U2 
mg. o f  th e  7 .hO mg. taken and o f  platinum , 1 2 .6h mg. o f  the 13.38 mg. 
taken .
TABLE XV
Bata fo r  th e  Separation o f  Platinum and Biodium
System; Bydrochloric Acid-Sodium C hloride-T ributyl Phosphate
Q uantities Taken; 1 3 .3B 
Bin #1
mg. o f  Platinum and 
Bin 02
7.1*0 mg. o f  Bhodium 
Bin 03 Bin 0k
lumber mg. Bh mg. Pt mg. lih ,mg. Pt mg. Hi .mg. Pt mg. Bi ,mg. PI
0 7.2U 0.00 . 7.66 0 .00 7.1*0 0.00 7.30 0.00
1 0 .20 0.00 t r 0.00 t r 0.00 t r 0.00
2 0.00 0.00 0.00 1.1*1* 0.00 0.70 0.00 0.90
3 0.00 2 .90 0 .00 2 . Oil 0.00 2.60 0.00 2 .20
h 0.00 6.26 0.00 6.1*2 0.00 6.62 0.00 6.1*o
6 0.00 l i .io 0.00 1*.02 0 .00 3.98 0.00 : It. 80
Average EBCovery o f  Tfaodium -  7-1*2 mg. vn
Average itecoveiy  o f  P la tinum  z  12.61; mg«
1*6
TABLE XVI
T heoretical Data fo r  the Separation o f  Platinum and Rhodium
Rhodium Data
( } Y KdR nl rtmg. Hin \Kd /  1/ R RJ (n -  R)i Tn P resen t
5 U.70 x 10"1 0 1 .00 1 0.1*7 3 .U8
1 1 . 6 0  x 10-1 5 0 .38 2.81
2 2 .56  x 10-2 10 0.12 0.89
3 1*.09 x 10-3 10 0.02 0.15
1* 6.51* x 10-Ji 5 0 ,00 0.00
5 1 .0 5  x 10“̂ l 0 .0 0 0.00
* Based on 7.1*0 mg. Rhodium Taken fo r  Separation
Platinum Data
a G a-Tl)
5 1 .68  x ict6
it Kd
R n IRI (n -  R)l Tn
mg. Pt 
P re se n t
0 1 .0 0 1 0 .00 0 .0 0
1 1 .32  x 10 5 0 .0 0 0 v 00
2 1.71* x 102 10 0 .00 0 ,00
3 2 .3 0  x 103 10 o.ol* 0.5U
h 3.03  x 101* 5 0 .2 5 3 .35
5 li.00  x 10^ l 0 .67 8.96

















D is tr ib u tio n  Curves f o r  th e  S ep a ra tio n  o f  Rhodium and Platinum
10
-  Experim ental Rhodium Curve
-  T h e o re tic a l Rhodium Curve
-  Experim ental P latinum  Curve




(G) S e p a ra tio n  o f  Platinum  and Palladium  
(1) T h e o re tic a l  S e c tio n  
The th e o ry  o f c o u n te rc u rre n t d i s t r i b u t io n  was d iscu ssed  in  
th e  t h e o r e t i c a l  s e c t io n  o f  th e  s e p a ra t io n  o f  rhodium and p la tin u m . 
T h erefo re  i t  w i l l  be o m itted  h e re .
(2) Experim ental S e c tio n  
In th e  s e p a ra t io n  o f  p la tin u m  and p a llad iu m , 10.00 ml. a l i ­
q u o ts  o f a 1337 ppm. p la tin u m  s to c k  s o lu t io n  and o f  a 1000 ppm. 
p a llad iu m  s to c k  s o lu t io n  were tak en  fo r  s e p a ra t io n .  The s ta n d a rd iz e d  
p ro ced u re  was a s  fo llo w s ;
The sa n p le  c o n ta in in g  the  m ix tu re  o f  p la tin u m  and p a llad ium  
was ev ap o ra ted  t o  d ryness on a steam  b a th . The re s id u e  was d isso lv ed  
in  3M h y d ro c h lo ric  a c id  s a tu ra te d  w ith  sodium c h lo r id e  and t r i b u t y l  
ph o sp h ate . The sample s o lu t io n  was h ea ted  f o r  te n  m inutes on a steam  
b a th ,  cooled and t r a n s f e r r e d  to  tu b e  0 in  th e  c o u n te rc u rre n t e x t r a c ­
t i o n  a p p a ra tu s . The o th e r  tubes in  th e  c o u n te rc u rre n t e x t r a c to r  
w ere f i l l e d  w ith  th e  r a f f i n a t e ,  3M h y d ro c h lo ric  a c id  s a tu r a te d  w ith  
sodium c h lo r id e  and t r i b u t y l  p h osphate . Then 18 ml. o f  t r i b u t y l  
phosphate  were added to  tu b e  0. The system  was e q u i l ib r a te d  by in ­
v e r t in g  th e  tu b e  and th e n  a llo w in g  th e  system  to  s e t t l e .  This was 
re p e a te d  tw en ty  tim es. The e x t r a c ta n t  from tu b e  0 was th en  t r a n s ­
f e r r e d  to  tu b e  1 and f re sh  e x t r a c ta n t  added to  tu b e  0. This p ro c e ­
d u re  was re p e a te d  u n t i l  th e  i n i t i a l  a l iq u o t  o f  e x t r a c ta n t  was 
t r a n s f e r r e d  to  tu b e  1 6 . The r a f f i n a t e  f r a c t io n  from each tube  was
combined w ith  th e  s tr ip p in g s  o f  t h e i r  re sp e c tiv e  e x tr a c ta n t  phases. 
The an a ly ses  were then  c a r r ie d  out as o u tl in e d  in  th e  A n a ly tic a l 
S e c tio n .
(3) R esu lts  S ec tio n  
The s e p a ra tio n  was run fo u r  tim es u s in g  th e  p re v io u s ly  de­
s c r ib e d  p ro ced u re . The d a ta  f o r  the fo u r  s e p a ra tio n s  can be seen 
in  ta b le s  XVII and XVIII. The th e o r e t ic a l  d a ta  a re  given i n  ta b le s  
XIX and XX. A p lo t  o f  amount o f  m etal a g a in s t  tu b e  number i s  shown 
in  f ig u re  X II. The s o l id  l in e s  re p re se n t th e  experim en ta l v a lu e s . 
The average recovery  o f p la tin u m  was 12 .98  mg. o f  th e  13.30 mg. 
tak en  and o f  pa llad iu m , 9 .30  o f  th e  10 .00  mg. ta k e n .
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TABLE XVII
Data f o r  th e  S e p a ra tio n  o f  P la tinum  and Palladium
System : H ydroch lo ric  Acid-Sodium C h lo r id e -T r ib u ty l
R iosphate
Q u a n titie s  Taken: 13.38 mg. o f  P latinum  and 10.00 mg. o f  P allad ium
l?un #1 Run #2
3 Number mg. Pd mg. Pt mg. Fd mg. Pi
0 0 .00 0 .00 0 .0 0 0 .00
1 t r 0 ,00 0 .0 0 0 .0 0
2 0.36 0.00 t r 0 .0 0
3 0.82 0.00 0 .36 0 .00
h 1.1*6 0 .00 0 .9 0 0 .0 0
5 1.82 0,00 1.52 0 .00
6 1 .78 0 .00 1 .90 0 .00
7 1 .56 0.00 2 .0 0 0 .0 0
8 0 ,9 0 0.00 1.58 0 .0 0
9 0.1*6 0.00 1 .08 0.00
10 0 .00 0.1*0 t r 0 .90
11 0 .00 0.81* 0 .00 1 . 0 6
12 0 .00 1 .56 0 .00 1.72
13 0 .00 2 .30 0 .00 2 .88
lJi 0 .0 0 3 .10 0 .0 0 2.92
IS 0 .0 0 2.76 0 .0 0 2.1*2
16 0 .0 0 2.02 0 .0 0 1.22
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TABLE XVIII
B ata fo r  th e  S ep a ra tio n  o f  P latinum  and Palladium
System : H ydrochloric  Acid-Sodium C h lo r id e -T rib u ty l 
Phosphate
L an tities Taken: 13 .38  mg. o f Platinum  and 10.00 mg. o f  Palladium
> Number
Run #3 
mg. Pd mg. Pt
Run
mg. Pd mg. Pt
0 0 .0 0 0.00 0 .0 0 0 .0 0
1 0 .0 0 0 .0 0 0.00 0 .00
2 0 .3 6 0 .00 o .h k 0.00
3 0 .5 8 0 .00 0.1*8 0 .00
U 1.02 0 .0 0 1 .00 0 .0 0
5 1 .6 0 0 .00 1 .1 8 0.00
6 1 .9 8 0.00 1.82 0 .00
7 1 .9 0 0 .00 1 .76 0 .00
8 1.1*0 0 .00 1.2U 0.00
9 0 .9 2 0.00 0 .7 0 0.00
10 0 .0 0 0.70 t r 0 .96
11 0 .0 0 1.56 0 .00 1.1*6
12 0 .0 0 2.10 0 .0 0 1.98
13 0 .0 0 3 .16 0 .0 0 2 .9 0
111 0 .0 0 2.'70 0 .0 0 2 .90
15 0 .0 0 1 .70 0 .0 0 1 .60
16 0 .0 0 1.00 0 .0 0 1.08
Average Recovery o f  P latinum z  12.98 mg.
Average Recovery o f  pallad ium = 9.30 mg.
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TABLE X n
T h e o re tic a l  Data fo r  th e  S e p a ra tio n  o f  P latinum  and Pallad ium




R W (n - H)J
J
Presei
0 1.00 1.00 0.00 0.00
1 3.50 X o -1 1.60 X 10 o.oU 0.1*0
2 1.23 X o -1 1 .20 X 102 0.12 1.20
3 U.30 X 0-2 5.60 X 102 0.19 1.90
k 1.51 X q-2 1,82 X 103 0.22 2.20
5 5.29 X 0-3 U.37 X 103 0.18 1.80
6 1.85 X 0“3 8.01 X 103 0.12 1.20
7 6.17 X 0 “̂ l . l l i X 10^ 0.06 0.60
8 2.26 X o-U 1 .29 X 101* 0.02 0.20
9 7.91 X 0 - 5 l . l l i X 10^ 0,00 0.00
10 2.77 X o - 5 8.01 X 103 0.00 0.00
11 9.96 X o-6 U.37 X 103 0.00 0 . 0 0
12 3.39 X o - * 1.82 X 103 0.00 0,00
13 1.19 X 0-6 5.60 X 102 0.00 0.00
1U 2i.l6 X 0-7
oCM•rH X 102 0.00 0.00
15 1.1*6 X 0-7 l .6 o X 10 0 . 0 0 0 . 0 0
16 5.11 X 0"8 1.00 0.00 0.00
* Baaed on 10.00 mg. o f  Palladium Taken for  Separation
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TABLE XX
T h e o re tic a l  Data f o r  th e  S ep a ra tio n  o f  P latinum  and Palladium
ELatinum Data
_s (k t t i) _e
16 3 .3 1  x 10"1?
R Kd 1 RS (n ■- R)J Tn
*“6* j
Presei
0 1.00 1 .00 0.00 0.00
1 1.32 X 10 1.60 X 10 0.00 0.00
2 1.7U X 102 1.20 X 102 0.00 0.00
3 2.30 X 103 5.60 X 102 0.00 0.00
U 3.03 X 10^ 1.82 X 103 0.00 0.00
5 U.oo X 10^ U.37 X 103 0.00 0.00
6 5.28 X 106 8.01 X 103 0.00 0.00
7 6 .91 X 107 1.1U X 10^ 0.00 0.00
8 9.12 X 108 1.29 X ioU 0.00 0.00
9 1,20 X 1010 1.1U X icb 0,00 0.00
10 1.58 X 101- 8.01 X 103 0.00 0 .00
11 2.08 X 1012 U.37 X 103 0.00 0 eQ0
12 2.7U X 10l3 1.82 X 103 0.02 0.27
13 3.26 X IQ1^ 5.60 X 102 0.06 0.80
Hi U.30 X 1<& 1.20 X 102 0.17 2.28
15 5.68 X 1016 1.60 X 10 0 .30 U.02
16 7.50 X 1017 1.00 0.25 3 ,35


















D is t r ib u t io n  Curves f o r  th e  S e p a ra tio n  o f  P la tinum  and P a llad ium
5.0
T h e o re t ic a l  P allad ium  Curve 
E x p erim en ta l Pallad ium  Curve 
E xperim en ta l P la tinum  Curve 
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DISCUSSION
The a p p lic a t io n  o f  c o u n te rc u rre n t d i s t r i b u t io n  tech n iq u es  to  
the  problems o f  s e p a ra tio n s  in  th e  p la tinum  group m eta ls  was a fre sh  
approach to an old  problem,, The f a c i l i t y  w ith  which th e  s e p a ra tio n s  
were a f fe c te d  should  do much tow ard encouraging  the  development o f  
s im i la r  type s e p a ra t io n s ,
A p o in t f o r  d is c u s s io n , in  th e  e x tr a c t io n  o f  p la tin u m , p a l l a ­
dium, rhodium and ir id iu m  as th e  c h lo r id e s ,  i s  the ty p e  o f  sp ec ie s  
e x tra c te d . According to  th e o ry  th e  most p robab le  e x tr a c t in g  sp e c ie s  
would be an uncharged one. Using ir id iu m  (IV) as an example s e v e ra l  
p o s s ib le  e x tr a c t io n  mechanisms might be o u tl in e d .
C onsidering  th e  two s i t u a t io n s ,  (a) appears' t o  be th e  more p robab le  
fo r  two reasons. T l r s t  th e  v a r ia t io n  o f  th e  d i s t r i b u t io n  c o e f f ic ie n t  
w ith  h y d ro ch lo ric  ac id  c o n c e n tra tio n  r e f l e c t s  more o f  a dependancy
(a) The form ation  o f  an u n d is s o c ia te d  ac id  which e x tr a c ts
R a ff in a te  ‘E x tra c ta n t 
I
Ix A  f  6 C l"  ^  JX r(C l)^  ^ f  2 H2 g r ( C l ) ^  ^  H2 [ i r ( C l ) ^
(b) The form ation  o f an uncharged complex
R a ff in a te  1 E x tra c ta n t
th a n  (b) in d ic a te s .  Also the  s t a b i l i t y  o f  th e complex
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such as to  alm ost preclude th e  form ation o f IrC l^ . S im ila r  s i tu a t io n s  
e x is t  in  the cases o f  the th re e  o th e r m etals s tu d ie d .
The ro le  o f  the so lv e n ts  in  e x tra c tio n  procedures i s  a lso  impor­
t a n t .  In  many cases  w ater o f  h y d ra tio n  has been an im portant f a c to r  
a f fe c tin g  th e  d i s t r ib u t io n  c o e f f ic ie n t .  T rib u ty l phosphate possesses 
an ap p rec iab le  d ip o le  moment and, w ith an exposed oxygen atom i s  q u ite  
capable o f  hydrogen bonding. I f  any w a te r  o f  h y d ra tio n  is  a sso c ia te d  
w ith the complex th e re  are two p o ss ib le  in te r a c t io n s .  f i r s t  th e  com­
p lex  may e x tra c t  in to  t r i b u t y l  phosphate with th e  w ater o f h y d ra tio n  
in te ra c t in g  w ith the  t r i b u t y l  phosphate through hydrogen bonding phe­
nomena. Also th e re  is  the p o s s ib i l i ty  th a t  th e  t r i b u t y l  phosphate 
d isp lace s  th e  w a te r  of h y d ra tio n  and a c tu a l ly  ta k e s  i t s  p lace . These 
fo rces would be o f  the o rd e r  o f magnitude o f io n -d ip o le  fo rc e s . The 
e f fe c t  o f  th i s  d ip o la r  in te r a c t io n  was q u a l i t a t iv e ly  observed by de­
c reas in g  the d i e l e c t r i c  co n s ta n t of th e  t r i b u ty l  phosphate phase through 
th e  use of d i lu e n ts  (CCl^, CHCl^) which decreased  th e  d is t r ib u t io n  
c o e f f ic ie n ts  ap p rec iab ly . O ther than to  focus th e  a t t e n t io n  on s i t u a ­
t io n  (a) and show th a t  d ip o la r  e f fe c ts  a re  im p o rtan t, no conclusions 
were drawn as to  th e  exact s tru c tu r e  o f  th e  e x tra c tin g  complex.
The e x tr a c t io n  o f the  th io cy an a te  complexes posed th e  same p ro ­
blems as the  c h lo r id e  system along w ith two ex tra  co m p lica tio n s. In 
th i s  system th e  th io c y a n a te  complexes a re  formed a t  the expense of 
th e  c h lo rid e  complexes; which means 'a n o th e r  e q u ilib riu m  must be con­
s id e re d , Also in  th e  case o f irid iu m  (IV) th e re  i s  a p o s s ib i l i t y  o f
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an o x id a tio n -re d u c tio n  re a c tio n :
SCIr ^  1 /2  (SCN)2 /  e“ E° = -  0.77
[ ir (C l)^ ]  = /  ^ IrC C l)^  5 E° = /  1.02
Hence SCN" /  Q lr(C l)^ )= ^  [ l r ( C l ) 5 ] S /  1 /2  (SCN)2 E°90 = /  0.25
Z F = -  nFE 
Z F  = -  5,766 c a l./m o le  
Ihe p o s s ib i l i t y  o f  s h i f t in g  th e  eq u ilib riu m  by e x tra c tin g  th e  t h io -  
cyanogen formed in to  th e  t r i b u t y l  phosphate must a lso  be considered . 
Q ia l i ta t iv e  t e s t s  in  the lab o ra to ry  d isc lo se d  th a t  a p u rp lish -re d  
c o lo r  was always e x tra c te d  when irid iu m  was p re sen t even though no 
ir id iu m  was e x tra c te d . In f ra - re d  sp e c tra  could no t be secured as o f  
t h i s  d a te  because th e  in f ra - re d  sp ec tro m eter was no t fu n c tio n in g  and 
adequate c e l l s  were not a v a i la b le .  The d ip o la r  in te r a c t io n  in  th e  
case o f th e  th io cy an a te  system  however was very  sm a ll. D ilu tin g  th e  
t r i b u t y l  phosphate d id  not ap p rec iab ly  a l t e r  th e  d i s t r ib u t io n  co e f­
f i c i e n t .
The choice o f working w ith the c h lo r id e  system  was m otivated  
by the preced ing  com parison. The only se p a ra tio n s  p o ss ib le  u t i l i z i n g  
the  th io cy an a te  system  th a t  could not be performed e a s i ly  by the  
c h lo r id e  system  were th e  se p a ra tio n  o f  rhodium a id  irid iu m  and the 
se p a ra tio n  of p latinum  and ir id iu m . However th e  e r r a t i c  b eh av io r o f  
ir id iu m  in  th e  th io cy an a te  system  makes th e  system a poor choice f o r  
any s e p a ra tio n  in v o lv in g  ir id iu m . The attem pt to  se p a ra te  rhodium 
and ir id iu m  was made in  o rder to  t r y  to  e lim in a te  th e  manual p ro ce­
dure d ic ta te d  by th e  o x id a tio n  s te p s  req u ired  in  th e  c h lo rid e  system . 
In s p i te  o f  the  fav o rab le  d iffe re n c e  in  d i s t r ib u t io n  c o e f f ic ie n ts
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in  the  5 0 0 : 1  th io c y a n a te  to  m etal system , th e  rhodium a id  ir id iu m  were 
n o t re so lv ed  even a f t e r  11 s tag e s  on th e  c o u n te rc u rre n t e x t r a c to r .
The s e p a ra t io n  o f  rhodium and ir id iu m  i n  the  c h lo r id e  system  
was f i r s t  a ttem p ted  on th e  c o u n te rc u rre n t e x t r a c to r .  The r e s u l t s  
showed a s e p a ra t io n  o f  p a r t  o f  the  ir id iu m  from th e  ihodium . However 
th e  ir id iu m  rem aining  w ith  th e  rhodium could  n o t be e x tr a c te d .  Upon 
a d d it io n  o f  hydrogen p e ro x id e  and b o i l in g ,  th e  r e s id u a l  ir id iu m  cou ld  
be e x tr a c te d .  T his p e c u l ia r  b e h a v io r  can perhaps be a t t r ib u te d  t o  
two p o s s i b i l i t i e s .  F i r s t ,  p a r t  o f  th e  ir id iu m  (IV) may be reduced 
to  ir id iu m  ( I I I ) .  The most l i k e l y  so u rce  o f th e  reducing  agent was
in  the  t r i b u t y l  p h o sp h a te . In  o rd e r  to  p u r ify  th e  t r i b u t y l  p h o sp h a te , 
i t  was o x id ized  w ith  po tassium  perm anganate and vacuum d i s t i l l e d  tw ic e ,  
th e  f r a c t io n  coming over a t  l l ;7 - l5 0 °  G. a t  8 mm. p re s s u re  being c o l ­
le c te d .  Using t h i s  t r i b u t y l  phosphate  as th e  e x t r a c ta n t  th e  r e s id u a l  
ir id iu m  e f f e c t  p e r s i s te d .  The o th e r  p o s s i b i l i t y  was th a t  th e  ir id iu m  
(rv )- 'o r  ( I I I )  e x is te d  as a d i f f e r e n t  sp e c ie s  and , s in c e  ir id iu m  com­
p lexes a re  o f  th e  in n e r  o r b i t a l  ty p e , re q u ired  d r a s t i c  co n d itio n s  
in  o rd e r  to  form th e  e x t r a c ta b le  s p e c ie s .  S eg ard less  o f  th e  n a tu re  
o f  the  chem ical change i t  was n e c e ssa ry  to  in c lu d e  t h i s  ’’o x id a tio n  
s te p "  i n  th e  s e p a ra t io n a l  p ro ced u re . As a r e s u l t  o f t h i s  s te p  th e  
p ro ced u re  i n s t i t u t e d  was a manual one.
The s e p a ra t io n s  of rhodium and p la tin u m  and o f  p a llad iu m  and 
p la tin u m  were c a r r ie d  out on th e  c o u n te rc u rre n t e x t r a c to r  as o u t l in e d  
in  th e  T h e o re tic a l S e c tio n  on c o u n te rc u rre n t e x t r a c t io n .
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The s e le c t io n  o f  ex p erim en ta l c o n d itio n s  was based  on th e  
l a r g e s t  d if f e r e n c e  in  d i s t r i b u t io n  c o e f f ic ie n t s  concom itan t w ith 
minimal, reag en t c o n c e n tra tio n s  n e c e ssa ry .
Due to  th e  f a c t  t h a t  n i t r a t e  in t e r f e r e s  w ith  th e  e x t r a c t io n  
o f  th e  c h lo r id e s ,  i t  was n ecessa ry  to  vacuum d i s t i l l  th e  s tr ip p e d  
t r i b u t y l  phosphate  in  th e  so lv e n t reco v ery  p ro c e s s .
The s e p a ra t io n s  a f fe c te d  a re  s im p le , f a s t  and econom ical. 
These ty p es  o f  s e p a ra t io n s  work very  n ic e ly  on a la b o r a to ry  s c a le  
and would p ro b ab ly  n o t s u f f e r  much i f  extended to  i n d u s t r i a l  u se .
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